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DKD^ SEOCroiNS MdiUD NX) DMA BBOCTOINB AEEABAOUS 

1. Field of the Ixxventixxi 

5 The present inventicai relates to a data recording itethod and a data 

recording apparatus preferable for use in a digital video tape recorder and the 
like. It, particularly relates to a data recording rtethod and a data recording 
^paratus vterein irpjt data is subjected to error correction encoding and the 
error correction-encoded data is recorded on a recording itiedium. 

10 

2. Descciptdjcn of Belated Art 

Canvontioaially, there has been proposed a digital video tape recorder 
in v*iidi every group of irput video data is subjected to error correction encoding 
using a product code according to one or a plurality of encoding units, and thus 
15 the error correction-encoded data in one or a plurality encoding units is recorded 
on a recording medium such as one or a plurality of inclined tracks of a magnetic 
tape. 

As described above, in the digital video tape recorder in which irput 
video data is subjected to error correction encoding using a product cocte for each 

20 Qicoding unit to record it, portions of C2 parities (external encoding parities) 
are irespectively located and recorded on an initial portion and an end portion 
of each inclined track as shown in Fig. 1, for exarrple. Fig. 1 shows an example 
vftiere video data of one field is recorded on 12 inclined tracks. In this case, 
four tracks are simultaneously scanned by four heads at caie time, and thus, all 

25 of 12 tracks are scanned throui^ 3 scanning operatiCTis. 
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When the data is recorded with the portions of C2 parities being located 
at the initial and end portiais of each inclined track, a sync-block omstituted 
by adding a CI parity (internal encoding parity) to data string of the C2 parity 
VN*iich constitutes a CI calculation data stream is sequeitially recorded on each 
5 of the initial and end portions of each inclined track. On the other hand, a 
syncHDlock constituted by adding a CI parity to data string of the video data which 
constitutes a CI calculation data stream is sequentially recoixied on the center 
portiai of each inclined track. 

In this case, it is required that the calculatiai of the C2 parity has 
10 been ocnpleted before the portion of this C2 parity is recorded for the first time. 
For this reason, as a consequence, recording of data on the inclined tracks can 
be started only after a grotp of input video data is OTtirely c^tured and the 
C2 parity is calculated and then the calculation of the C2 parity is ocnpleted. 

For exartple, when a groip of irput video data is one field as described 
15 above, on an assuttption that time Tl of one field is spoit for c^turing the entire 
group of input video data and time T2 is further spent for calculating a part of 
the C2 parity, the systen delay Ta in an error correction code (BOC) encoder is 
T1+T2, which is a long syston delay. 

Fig. 2 shews a system delay Ta in a conventional EEC eiooder. In Fig.2, 
20 a solid line la shews input process of video data, vA^reas a brokai line lb shows 
output process of C2 parity and video data. 

If the system delay Ta is long in the EXX: encoder as described above, 
the tine required franthe initiation of the irput of the irput data to the initiation 
of the recording of this input data is also loiger accordingly. As a result, the 
25 following problems arise. 
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1) When the video data is reproduced for oonf intation irtnediately after 
it is recorded, the irtages reproduoed by the reproduction video data has large 
time deviation fron the irtages produced by the irput video data, vJiich runs the 
laser into trouble in oonfinnation of the inages; and 
5 2) In order to execute a pre-read editing operation, the recording and 

the r^roduction heads are attached to heists largely deviated fron each other, 
vAiich causes the effective track length to be shortened, resulting in deterioration 
in S/N. 

Herein, the pre-read editing cperation itieans an editing operation in 

10 vAiich video data of a specific frame recorded on a specific portion of a tape is 
reproduced, processing such as insertion of telcp data into this video data of 
specific frame is performed, and thai this video data of the ^^ecif ic frame is 
recorded again on the above-described specific portion of the tape. 

Fig. 3 shews an exeirplary pre-read editing systen. A r^roduction head 

15 Bp reproduces video data of a specific frame recorded on a specific portion of 
a tape 301. In this case, a r^roduction aitplifier 302 artplifies the reproduction 
signal reproduced on the reproduction head Hp, and an equalization circuit 303 
has waveform-equalized it before a decoding circuit 304 receives it. The decoding 
circuit 304 decodes the vavef orm-equalized r^roduction signal utilizing Viterbi 

20 algorithm, for exartple. 

An error correction code (BCX:) decoder 305 receives the video data from 
the deooding circuit 304. Uie BOC decoder 305 performs error correction by use 
of the parities added to the video data. A video expansion circuit 306 receives 
the error-corrected video data f rem the EXX decoder 305 and e3q>ands the video data. 

25 The video data Va outpjt fron the video ejqpansion circuit 306 is stpplied 

to a fixed terminal 307a of a switch circuit SW. Cn the other hand, telcp data 
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St to be inserted to the video data Va is si^plied to a fixed terminal 307 b of 
the svd.tcii circuit SW^ forexarrple. Inthiscase, the switdi circuit 3^ is connected 
to the fixed temninal 307b during a period when the telcp data St is si:pplied^ 
vAiereas the switch circuit is ocoiected to the fixed terminal 307a during the 
5 other periods. Thios, the switch circuit SW outputs video data Vb into vSiich the 
telcp data St has been inserted. 

A video ootpression circuit 308 then receives the video data Vb f rem 
the switch circuit SW and performs data ocrrpressicn thereto. In this case^ for 
exartple^ the video data Vb is divided into a two-<tiitiensional blocks of 8 x 8 pixels, 

10 and is data-ootpressed by use of block encoding such as discrete cosine transform 
(DCT) . Althou^ not described above, the video e5$>ansion circuit 306 performs 
processing reversal of this cfata ootpression. 

An BOC encoder 309 receives the dcrtpression-encoded data f ran the data 
ootpression circuit 308 . The BOC ^ooder 309 performs error correction encoding 

15 to the ootpression-encoded data for each encoding unit using a product code. The 
video data output f ran the BCC encoder 309 is supplied via a recording anplif ier 
310 to a recording head Hr that records the r^roduction signal corresponding to 
the video data ai the portion of the tape 301 f ran which the reproducticai head 
lip has repiToduoed this video data. 

20 ffere, during the time ^^''fran the point vfliere the video date 

by the reproduction head lip to the point v*iere the video data is recorded by the 
recording head Hr^ the t^5e 301 travels a distance prcportiaial to the time 
For this reason^ as shown din Fig. 4, the recording head Hr is attached at 
a positioi distanced f ran the reproductioi head 1^ by a dif feraice (dif feroice 

25 in heists betvgeai attached positions) ^^h" in order that, v*ien the tape 301 travels 
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the distanoe ^^d'', the rec»rding head Hr scans the same portion vdiich the reproduction 
head scanned time ^^t" ago. 

In this case, the recording head Hr is arranged to be in ocxitact with 
the tape 301 within a range ?sRr:. Specifically, in order to prevent the tape 301 

5 f ran being cut by the recording head Hr ccntLng into cmtact with the aid portion 
of the t^De 301, the recording head Hr is arranged to be in contact with the t^De 
301 at a position inward of the end portion of the t^^e 301 by a specific distance. 
Because of this arrangemoit, the reproduction head Ip ocmes into contact with the 
tape 301 within a range Therefore, this range is an effective track length. 

10 As described above, if the system delay Ta in the BOC encoder is long, 

the time is long and the distance d is large accordingly. As a a^esult, the 
step ^^h" is also large, resulting in a short effective track length Np, Wren the 
effective track length AE^ is short as in this case, the recording wavelength is 
shortoied in order to oisure the same capacity of recording data as that of the 

15 case where the effective track length AE^ is long. However, when the recording 
wavelength is short, the S/N is degraded. 

SCM^RY CF THE n^SNIICN 

An objective of the present inv^tioi is to shorten the time required 
20 from the initiation of the input of input data to the initiation of the recording 
of this input data. 

According to a data recording method of the present invention, error 
oorrecticn eiooding is performed cxi irput data for each oicoding unit by use of 
a product code and the e3nx>r correction encoded data is recorded on one or a plurality 
25 of tracks of a recording medium in one or a plurality of encoding units. First, 
first sync-4Dlock is sequentially recorded on one or a plurality of tracks. The 
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first sync-block is constituted by adding an internal encoding parity (CI parity) 
to data string of the input data ocaistituting an internal aiooding calculatian 
data stream. After the first sync-block is ocrtpletely recorded, seoaid sync-block 
is sequentially recorded. The second sync-block is oc^istituted by addir^ the 
5 internal encoding parity (CI parity) to data string of an external encoding parity 
(C2 parity) constituting the internal encoding calculation data stream. 

Thus, the C2 parity is recorded at one tiitie in a later stage. Regarding 
the C2 parity, it is onou^ that its calculatioi has been ocnpleted before its 
recording is started. For this reason, the recording of irpjt data can be initiated 
10 even before a group of the input data to be recorded on me or a plurality of tracks 
is entirely captured. This enables the time required f rati the initiation of the 
input of the irput data to the initiation of the recording of this iiput data to 
be shortened. 

Further, a data recording ^paratus of the present invention performs error 
15 correction encoding on input data for each encoding unit by use of a product code 
and records the error correction encoded data an one or a plurality of tracks of 
a recording medium in one or a plurality of encoding units . The ^paratus corprises 
external encoding parity calculator for calculating and obtaining an external 
encoding parity for each encoding unit f ran data string constituting an external 
20 encoding calculatian data stream. The apparatus also ocnprises internal encoding 
parity calculator for calculating and obtaining an internal encoding parity for 
each Qiooding unit from data string constituting an internal aicoding calculation 
data stream. The ^paratus further cotrprises recorder for recording first 
sync-block sequentially on one or a plurality of tracks, and recording seocnd 
25 sync-block sequentially after the first syncHDlock is oorpletely ireoorded. Uie 
first sync^Dlock is constituted by adding an internal mooding parity obtained 
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by the calculation of the internal encoding parity calculator to data string of 
the irput data constituting an internal encoding calculatiai data stream. The 
secaid syncHDlock is constituted by adding the internal encoding parity obtained 
by the calculation of the internal anooding parity calculator to data string of 

5 the external encoding parity obtained by the calculation of the external encoding 
.parity calculator . The data string of the external encoding parity also constitutes 
the internal encoding calculation data stream. 

For exarrple, v*ien error-oorrecticn aicoded data in m pieces of aiooding 
units (m is an integer of 2 or larger) is recorded on one or a plurality of tracks 

10 of a recording medium, at least m pieces of calculating apparatus for calculating 
C2 parity are provided. 

In this case, since the calculatiai of C2 parity in m pieces of orxxding 
units is siitn i1 taneously executed in independent calculating apparatus, the 
calaalations of C2 parity in m pieces of encoding units also can be ccrtpleted vAien 

15 a groxp of input data to be recorded on one or a pliirality of tracks has been entirely 
captured. As a result, it allows the initiation of C2 parity recording to be made 
earlier, ther^y enabling the initiation of input data recording to be made earlier 
accordingly. 

In additicai, for exanple, v*ien error-correction encoded data in m pieces 
20 of encoding units (m is an integer of 2 or larger) is recorded on one or a plurality 
. of tracks of a recording rnedium, if there are calculating apparatus for calculating 
C2 parity in the nucrber snaller than m pieces, C2 parity is calculated in each 
of the m pieces of encoding units of the data with the calculation being divided 
into a plurality of parts. 
25 Thus, if there are calculating apparatus in the nuntoer smaller than m 

pieces, the calculation of the C2 parity in the re^^ective m pieces of anooding 
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units is initiated after a groip of irput data to be recorded on one or a plurality 
of tracks is entirely captured, Hcwever, v*ien the calculatiai of the C2 parity 
in each of the m pieces of aicoding \jnits is perf ontied with the calculation being 
divided into a plurality of parts, the calculation of the C2 parity in the m pieces 
5 of encoding units can be initiated before a groip of irput data to be recorded 
on one or a plurality of tracks is still not ocitpletely captured. As a result, 
the calculation of the C2 parity can be oorpleted at an earlier point of time, 
and the recording of the input data can be initiated at earlier point of tine 
accordingly. 

10 With this arrangesTtoTt , v*ien the video data is reproduced for conf imnation 

irrnediately after it is recorded, the invention avoids the inages produced by the 
reproduction video data f rem having large time deviation f rem the images produced 
by the irput video data. In this case, the user finds it easy to oonf inn the images. 
In addition, in order to execute the pre-read editing operation, the invention 

15 avoids the recording head and the rep3xx±iction head f ran being attached to heists 
largely deviated from each other. In this case, deterioration in SAH due to the 
shortening of the effective track length can be po^evented. 

The CCTiduding portion of this specification particularly points out 
and directly claims the subject natter of the preset invention. However those 
■ 20 skill in the art will best understand both the organizaticxi and method of operation 
of the invention, together vsdth further advantages and objects thereof, by reading 
the remaining portions of the specification in view of the aooatpanying drawing (s) 
v*ierein lite reference characters refer to lite elonents. 
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Fig. 1 is a ciLagram for showdLng an exaiplary of cxDnventional arrangement 
of C2 parities; 

Fig. 2 is a diagram for shc»dng a system delay in a conventional BOC 

encoder; 

5 Fig. 3 is a diagram for shewing an exemplary pre-read editing system; 

Eig. 4 is a diagram for shewing a relationship betweai a system delay 
and a st^ formed between a recording head and a r^roduction head in a pre-read 
editing system; 

Big. 5 is a block diagram for showing a configuration of a recording 
10 and r^roducir^ apparatios as an entxxiiment of the invention; 

Fig. 6 is a diagram for illustrating a recording format; 

Fig. 7 is a diagram for illustrating an arrangement of iragnetic heads; 

Elg. 8 is a diagram for showing a conf iguraticai of an BOC block of video 

data; 

15 Fig. 9 is a diagram for showing a configuration of one syncHDlock of 

video data; 

Figs. IQA to IOC are diagrams for illustrating an arrangonent of 
syncHDlocks within 12 tracks; 

Fig. 11 is a diagram for shewing an arrangement of C2 parity; 
20 Elg. 12 is a block diagram for shewing a conf iguratim of an BCC oTooder; 

Fig. 13 is a block diagram for shewing a configuration of a C2 encoder; 

Elg. 14 is a diagram for shewing a system delay in an ECC encoder (in 
the case of including 36 calculating apparatijs) ; 

Elg. 15 is a diagran for shewing a system delay in an ECC encoder (in 
25 the case of including one calculating ^paratus and the calculation is not divided 
into a plurality of parts) ; 



10 



Fig. 16 is a diagram for showing a state of initialization at the time 
vihen the calculation of the C2 parity is performed by use of cxie calculating ^pparatios 
with the calculation being divided into a plurality of parts; 

Fig. 17 is a diagram for shewing a state of calculation at the time vAaen 
5 the calculation of the C2 parity is perf oraied by use of one calculating ^paratus 
vdth the calculatiai being divided into a plurality of parts; 

Fig. 18 is a diagram for lowing a state of outputting the result of 
calculatiai at the tiite vyten the calculation of the C2 parity is performed by use 
of one calculating apparatus with the calculation being divided into a plurality 
10 of parts; 

Fig. 19 is a diagram for showing a state of loading a result obtained 
at scitB mic^int of calculation at the time viien the calculation of the C2 parity 
is performed by use of one calculating apparatus with the calculation being divided 
into a plurality of parts; and 
15 Fig. 20 is a diagram for showing a system delay in an EXX! encoder (in 

the case of performing the calculation divided into four parts by use of me 
calculating ^paratus) . 



■ wsmlTFD usuutrnCN GF TBE HCEBSSD E^CCDIMKES OF 7SB mV^EMEDCN 

20 Hereinafter, entxxlLmaits of the present invention will be described with 

reference to drawings. Fig. 5 shows a basic configuration of a recording and 
reproducing ^paratus 100 as an otbodiment of the inv^tioa. For the purpose of 
siiiplicity, illustration of an audio systann is emitted. 

First, a recording system will be described. A video oorpression circuit 

25 112 receives digital video data Vin throu^ an input terminal 111. The video 
oorpression circuit 112 divides the video data Vin into two-<limQisicxial bloclcs 



of 8 X 8 pixels, for exartple, and then performs data-oorpression using block encoding 
such as OCT. 

An FCC encoder 113 receives video data VDa (ccrtpression-eiooded data) 
fron the data ocnpression circuit 112. The FCC encoder 113 performs error 
5 correction encoding on the cotpression-encoded data VDa for each encoding unit 
by use of a product code. A recording head Hr receives the recording video data 
(error correction encoded data) VEb fron the FCC encoder 113 throu(^ a recording 
anplifier 114 to record the video data sequoitially on the recording tracks of 
a magnetic t^3e 120. 

10 In this case, the video data VEb is recorded in its original non- 

retum-to-zero {NRZ) format without digital modulation. Alternatively, the video 
data VCb may be irecorded after it is subjected to digital modulation. 

Next, a reproduction system will be described. A reproduction head Hp 
r^roduces a r^roduction signal f rem the recording tracks of the magnetic tape 

15 120 and a reproduction aitplifier 131 artplifies it. An equalization circuit 132 
has then performed waveform-equalization thereon before a decoding circuit 133 
receives it . The decoding circuit 133 decodes the waveform-equalized reproduction 
signal utilizing Viterbi algorithm, for exartple, so as to produce reproducticai 
video data VDc corresponding to the recording video data VCb output f rem the EXX 

20 Qicoder 113 in the recording system described above. 

An EXX: decoder 134 receives the reproduction video data VDc f rem the 
decoding circuit 133. Bie FCC decoder 134 performs error correction by use of the 
parities (CI parity, C2 parity) added to the video data VDc. 

A video expansiai circuit 135 receives the eiror-corrected video data 

25 (ocnpression encoded data) VDd fron the FCC decoder 134. The video esq^ansion 
circuit 135 performs data expansion throucji processing reversal of the processing 
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perf ontied by the video cxxrpression circuit 112 in the recording system. Then, the 
video data Vout output f ran the video ej^ansicxi circuit 135 is output throu^ an 
output terminal 136. 

Fig. 6 shews a recording fonrat of a magnetic t^^e 120. Cn the iregnetic 
5 t^De 120, tracks T inclined with respect to the longitudinal direction of the 
magnetic tape 120 are sequoitially formed. In this case, two adjaooit tracks T 
have different recording azimuths. 

Video data areas I^j^ APVu respectively allocated to the &ndi region 
of the track T at v*iich the scanning is initiated and the end region of the track 
10 T at v*iich the scanning is finished. The video data areas APVl/ J^Boord the 
recording video data VDd output f rem the above-described BCC encoder 113. An audio 
data area is allocated to the area interposed between the video areas PF^^^ 
^ "th® track T. This audio data area ARA records recording audio data althou^ 
an audio system is not illustrated in Fig. 1. 
15 Fig. 7 is a sdhotatic diagram for shewing a structure of a rotating drum 

in the recording and reproducing ^paratus 100 shewn in Elg. 5. Ihe magnetic tape 
120 is ebliquely wound around the rotating drum 140 at a winding angle of 180 degrees . 
The magnetic tape 120 travels at a specific speed with it being wound around the 
rotating drum 140. 

20 On the rotating drum 140, four recording heads RE3CA to REXX) are arranged, 

and additional four recording heads BECE to FEGi are arranged at positions 180 
degrees ^3art f ran the four recording heads REEA to REXX). Elirther, en the rotating 
drum 140, ei<^t reproduction heads PBA to PBH oorrespOTiding to the recording heads 
RE3CA to REXH are arran^d at positicns 90 degrees apart from the recording heads 

25 REX3V to RE3CH, respectively. 
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Thus, the recording head Hr of the recording and r^roducing apparatus 
100 shewn in Elg. 5 uses ei^t actual recording heads FE3CA to RE3CH as described 
above. In additiai, the reproduction head Bp of the recording and r^roducing 
apparatus 100 shown in Fig. 5 uses ei^t actual reproduction heads PB?^ to PBH as 

5 described above. Video data of one field is recorded on twelve tracks. At the 
tines of recording and reproduction, four heads sirni i1 taneously scan four tracks 
in coe scanning operation, so that twelve tracks can be ccnpletely scanned vSien 
scanning operation is conducted three times. 

The video data ai:eas AE^l/ of twelve tracks record 36 BOC blocks 

10 f rem block 0 to block 35 (data in encoding units) as shewn in Fig. 8 . One EOC block 
is constituted as follows. :^pecifically, for the video data constituted by data 
array of 226 x 114 bytes, data in each column (data string) is encoded according 
to (126, 114) Reed-Solonon code, forexartple, in the external encoding calculation 
data stream shown by an arrcw ^'b" to generate a C2 parity of 12-byte (external 

15 encoding parity) . In addition, for the video data and the C2 parity, data in each 
row (data string) is enoodsd according to (242, 226) Reed-Soloncn code, forexartple, 
in the internal encoding calculation data stream shown by an arrow ^'a" to generate 
CI parity of 16-i>yte. At a leading end of each data string, sync-data and ID each 
having a size of 2HDyte are arranged. 

20 Fig. 9 shows a configuration of one syncHDlock in the FCC block. Two 

bytes at the leading end are sync-<iata. The subsequent two bytes are ID. The ID 
includes a track ID for identi:fs^g vdiich track arccng twelve tracks records this 
one syno-block and a sync-^lock ID for idmtif ying v*iich sync-block among the 
plurality of sync-blocks recorded on aie inclined track is this one sync-^Dlock. 

25 F\irther, one segment is constituted for every twelve tracks, and segment nurttoers 
fron 0 to 3 are repeatedly allocated to the segments seqi:^tially. The twcHDyte 
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ID described above also includes a segment ID indicating the segment nurrber of 
the segment that records this one sync-43lock. 

The ID is followed by video data of 226-byte (or a C2 parity) and a CI ' 
parity of 16HDyte. 

5 As described above, twelve tracks on the iragnetic tape 120 record 36 

BOC blocks (see Fig. 8) . Fig. 10 shows an arrangesnoit of syncHDlocks in each of 
the FCC blocks in the victeo data areas PiBS/j^ ARVy of twelve tracks, viiich constitute 
one segmoit. 

As shewn in Fig. IQA, in four tracks 0 to 3, v*iich are scanned for the 
10 first tine, the video data area APV^ records sync-blocks of 21 raws froti 0th to 
20th rows in each of the ECC blocks 0 to 35, v*iereas the video data area ARV^ records 
sync-blocks of 21 rows fron 21st to 41st rows in each of the E30C blocks 0 to 35. 

In four tracks 4 to 7, vAiich are scanned for the second time, the video 
data area AE^^ i^eoords sync-blocks of 21 rows fron 42nd to 62nd rows in each of 
15 the BOC blocks 0 to 35, vAiereas the video data area AE^^ records sync-blocks of 
21 rows fron 63rd to 83rd rows in each of the BC3C blocks 0 to 35. 

In four tracks 8 to 11, vdiich are scanned for the third time, the video 
data area APV^ i^eoords sync^Dlocks of 21 rows fron 84th to 104th rows in each of 
the BOC blocks 0 to 35, vlhsreas the video data area AFVu records syncHDlocks of 
20 21 rows fron 105th to 125th rows in each of the BOC blocks 0 to 35. 

Here, the sync-block of 0th row is constituted by 0th sync-block in each 
of the BOC blocks 0 to 35. As is shown in Fig. lOB, these 36 syncHDlocks are divided 
into four groi:ps so that nine sync-blocks are allocated to each of the tracks 0 
to 4 . ^)ecif ically, the track 0 records 0th sync-^Dlock in each of the BOC blocks 
25 0, 18, 1, 19, 2, 20, 3, 21, and 4; the track 1 records 0th syncHDlock in each of 
the BOC blocks 22, 5, 23, 6, 24, 7, 25, 8, and 26; the track 2 records 0th syncHDlock 
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in each of the BOC blocks 9, 21, 10, 28, 11, 29, 12, 30, and 13; and the track 
3 records 0th syncHDlock in each of the BOC blocks 31, 14, 32, 15, 33, 16, 34, 
17, and 35. 

Hereinafter, in the same manner as described above, the sync-blocks f rem 
5 1st to 125th rows are icespectively constituted by 1st to 125th syncHDlocks in each 
of the EXDC blocks 0 to 35, These 36 sync-blocks are divided into four grxxps so 
that nine sync-blocks ai:e allocated to and recorded on the corresponding four tracks , 
respectively. In this case, the EXX blocks taken out f ran the 9 sync-blocks recorded 
on each of the 4 tracks are shuffled for every row. As shown in Fig. IOC, one 

10 sync-block is constituted by two-byte sync data, two-byte ID, 226-byte video data 
(or a C2 parity) , and a 16-byte CI parity. 

Here, the sync-blocks of 0th to 125th rows are sequentially recorded 
CXI the tracks 0 to 11. In this case, the sync-blocks of 0th to 113th rows are 
respectively constituted by adding a CI parity to data string of the video data 

15 vAiich constitutes an internal encoding calculaticn data stream, vAiereas the 
sync-tolocks of 114th to 125th rcws are respectively constituted by adding a CI 
parity to data string of the C2 party vdiich constitutes an internal encoding 
calculation data stream. 

specifically, in this etrbodiitent, when 36 BOC blocks 0 to 35 are recorded 

20 OTi 12 tracks, as shewn in Fig. 11, the first syncHDlocks constituted by adding 
a CI parity to the data string of the video data, v*rLch constitutes an internal 
Qiooding calculatiai data stream, are sequentially recorded. When the recording 
of the first sync-blocks is ocrrpleted, the second sync-blocks constituted by adding 
aClparty to the data string of the C2 parity, vAiich omstitutes an internal encoding 

25 calculatian data stream, are sequentially recorded. 
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Next, the FCC encoder 113 in the recording and reproducing apparatus 
100 shewn in Fig. 5 will be described in detail. Elg. 12 shews a oonfiguratiai 
of the FCC encoder 113. 

The FCC encoder 113 includes a synchrmous c*/namic RZ^ (SEF?^) 151 and 
5 an SDRfiM interface 152 for writing and reading data into and fron the 151. 
The SDRfiM 151 has a c^Dacity c^^able of recording video data of a plurality of 
fields . In this case, in the SDRftM 151, inertDry spaces corresponding to 36 FCC blocks 
(see Fig. 8) are prepared for each field. 

The FCC encoder 113 also includes an irput-write buffer 153 for buffering 
10 and writing video data (oarpression encoded data) VDa supplied fron the video 
oarpression circuit 112 into the SDE^ 151, and a C2 read buffer 154 for buffering 
and supplying the video data corresponding to 36 E3CC blocks, v*iich is read fron 
the SDR?^ 151, to a C2 encoder 155 described later. 

The BOC encoder 113 further includes a C2 encoder 155 for calculating 
15 a C2 party (an external encoding parity) in each of the 36 EXX: blocks for each 
field. The C2 encoder 155 inclixtes 36 calculating apparatus each for calculating 
the C2 parity, and can calculate C2 parities in the above-described 36 FCC blocks 
simultaneously. 

Dob to this arrangement, video data corresponding to the 36 BOC blocks 
20 is simultaneously supplied fron the C2 read buffer 154 to the C2 encoder 155. At 
this time, video data of each of the EXX blocks is supplied in the order of data 
fron 0th to 113th syncHDlocks. 

The BOC encoder 113 further inclixtes a C2 write buffer 156 for buffering 
and writing C2 parity in each of the 36 BOC blocks, calculated in the C2 encoder 
25 155, into the SERfiM, and an output buffer 157 for buffering and outputting video 
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data and the C2 parity, vdiich are read f rem SDRZ^ 151 and correspond to each of 
the 36 BC3C blocks for each field. 

The BOC encoder 113 further includes a SYNC/ID addition circuit 158 for 
adding sync-data and ID to data string of the video data (or C2 parity) of each 
5 sync-block which is output f ran the output buffer 157 in the order that the video 
data (or C2 parity) have been recorded, and a CI encoder 159 for calculating a 
CI parity and adding it to the video data of each sync-block to v*iich the sync-data 
and ID have beoi added in the SYNC/ID addition circuit 158 and then for outputting 
the resultant data as recording video data VCb. 

10 An operation of the BGC encoder 113 shown in Fig. 12 will be described. 

The video ccnpression circuit 112 (see Fig. 5) supplies the video data 
(ccrrpressed oiooded data) VDa to the SDRfiM 151 via the irput-write buffer 153 and 
the SDRfiM interface 152 and the SDE<m 151 writes the video data VDa. In this case, 
the video data VDa of each field is written into the video data areas in the memory 

15 spaces of their oorresporxlLng 36 BOC blocks, respectively (see Eig. 8) . 

Flirther, for each field, the SCRfiM 151 reads the video data oorre^xxK±Lng 
to the 36 BCX: blocks and supplies the video data to the C2 encoder 155 via the 
SDRfiM interface 152 and the C2 read buffer 154. In this case, the C2 read buffer 
154 supplies the video data corresponding to the 36 EDC blocks sinnultaneously to 

20 the C2 encoder 155. EVirther, in this case, the video data of each EXX: block is 
supplied in the order of data of 0th to 113th sync blocks. 

The C2 encoder 155 simultaneously calculates C2 parity in each of the 
36 BOC blocks for each field by use of 36 calculators- The C2 encoder 155 supplies 
the C2 parity thus calculated, for each field, in each of the 36 BOC blocks to 

25 the 311^151 via the C2 write buffer 156 and the SDi^ TheC2parity 
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is then written into the C2 parity areas in the morory spaces of their corresponding 
36 BOC blocks. 

E\jrther ^ the SDR?^ 151 reads the video data and C2 parity, v*iich correspond 
to each of the 36 BOC blocks, for each field and supplies them to the output buffer 
5 157 via the SIBm interface 152 . The output buffer 157 then outputs the video data 
(or C2 parity) of each sync-block in the order that the video data have been recorded 
and sijpplies it to the CI encoder 159 after sync-data and ID are added to the video 
data in the SYNC/ID addition circuit 158. 

Then, the CI encoder 159 calculates a CI parity theref ran and adds it 
10 to the video data of each sync-block to vdiich the sync-<lata and ID have been added, 
so as to produce each sync-block as recording video data VEb. The recording video 
data VEb is si:pplied to the recording artplif ier 114 (se Fig. 5) as described above. 

Next, the C2 encoder 155 will be described in detail. Fig. 13 shows a 
configuration of the C2 encoder 155. The C2 encoder 155 includes 36 calculating 
15 ^paratus 170^ to 170_35. The calculating apparatus 170^ to 170_35 calculates C2 parity 
in one BOC block. 

Hereinafter, the calculating apparatus 170^ to I7O.35 will be described. 
Since the calculating ^paratus 170^ to 170_3b has an idaitical structure to each 
other, OTily the calculating apparatus 170_o will be described. 
20 The calculating apparatus 170^ includes n pieces of matrix calculators 

200^ to 200_^^, n pieces of RMyis 201^, to 201_^^ for producing codes in a vertical 
directicxi, n-pieces of exclusive CR gates for calculating exclusive-OR 
(hereinafter, referred to as ^^EX-CR gates") 203.i to 203^, and n pieces of selectors 
204.1 to 204^. 

25 Here, the output fron the matrix calculator 200^ is sipplied to the R?^ 

2OL0 ^ write data. The outputs fron the selectors 204_i to 204.^1, are respectively 



19 



supplied to the 201.1 to 201.(^^3^ as write data. The outputs fron the matrix 
c3lculators 200_i to 200.^^ are respectively supplied to I sides of the selectors 
204_i to 204.j^ij and also supplied to the EX-OR gates 203_i to 203.^^^ . 

The items of the read data f 3xm the RAMs 201_o to 201_(^ij are respectively 
5 si?plied to the EX-OR gates 203.i to 203^. The outputs froti the EX-O^ gates 203_i 
to 203_^u are respectively si^plied to P and R sides of the selectors 204.i to 204.^^^!) , 
vrfiereas the output fron the EX-OR gate 203.^ is supplied to P side of the selector 
204^. 

A value ^'OOh" is supplied to R side of the selector 204^. The ^^h" means 
10 that this value is in hexadecimal. Input data is sijpplied to the EX-OR gate 203^ 
and I side of selector 204^. Then, output data is taken out fron the R?^ 201^^^^ . 
Elirther, the output fron the selector 204_„ is supplied to the matrix calculators 
200^j to 200_^ij as feedback data. 

The selectors 204_i to 204_n receive an operation control signal, 
15 respectively. In this case, the selectors 204_i to 204_n output the data which has 
been si^plied to their I sides at the tire of initialization whereas the selectors 
204_i to 204_n output the data vyM.ch has been sipplied to their P sictes at the time 
of calculaticai. At the time of outputting the result obtained f jxm the calculation 
of the C2 parity, the selectors 204^1 to 204^ output the data, which has been supplied 
20 to tt^ir R sides. 

The RfiMs 201^ to 201.^^1^ have a word length in data length of an internal 
encoding calculation data stream, that is, 226-byte word length. The n is in an 
idaitical nurtter to the byte nmber of the C2 parity, that is, 12. 

Next, operations of the calculating apparatus 170_o will be described. 
25 First, initialization is performed based on data of the first one si^ttol 

(herein, cxie-byte) among input data to be encoded. In this case, actually, 226 

i 

I 
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items of byte data in data length of the internal encoding calculation data stream, 
that is, each corresponding to 226 streams related to the external encoding 
calculation data streams are sequentially supplied. At the tine of initialization, 
the selectors 204_i to 204_^u respectively output the data which has been sipplied 

5 to their I sides. Iherefore, at the time of this initializaticxi, the selectors 
204_i to 204.j^u respectively supply the outputs f ran the matrix calculators 200_i 
to 200_(n_i) to the subsequent stages without undertaking any processing, and the 
selector 204.^ outputs iiput data. 

As a result, the first one sytrbol is supplied to the matrix calculators 

10 200^ to 200_jr>-i) as feedback data without undergoing any processing . Then, the result 
of calculation performed by the nHtrix calculator 200^ is stored at an address 
position of the RSM 201^ vJiidh corresponds to one sytriDol stream (i.e. any one of 
226 streams related to the external encoding calculaticn data stream) of input 
data at that time. Elirther, the results of calculations performed by the matrix 

15 calculators 200.i to 200.^^ are respectively stored at address positions of the RAMs 
20L.1 to BPM 20L(^u ^«*^ch oorrespcrd to one s^nbol stream of input data at that time 
via the selectors 204_i to 204^^^^ respectively. In this manner, initialization is 
performed. As describe above, 226 items of byte data are sequentially supplied 
as the first one syiriDol, therdDy executing initialization for 226 streaonns related 

20 to the external encoding calculation data stream. 

Next, a C2 parity is calculated. At the time of calculation of the C2 
parity, the selectors 204.i to 204^ respectively output the data, vfliich has been 
supplied to their P sides . Therefore, at the time of this calculation, the selectors 
204.1 to 204^ respectively supply the outputs f ran the EX-OR gates 203.i to 203^ to 

25 the subsequent stages. 
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itoDng input data, itenis of data of one syrrbDl of second or later are 
sequentially supplied to the EX-CR gate 203^. In this case, as the data of one 
syrriDol of the second or later, actually, 226 itans of byte data v*iich respectively 
oorresporxl to the 226 streams related to the external encoding calculation data 
5 stream are sequentially supplied. Data of the stream, vAiich is read froti the RAM 
20L^i, located at the last stage and corresponds to one syrriDol stream of the input 
data at that tiine, is supplied to the EX-OR gate 203.^1. 

The EX-OR gate 203^ calculates exdusive-QR of data of each of the second 
synfcol and thereafter and the data viiich has been read f rem the RZ^ 20L(^ij . The 

10 output f ran the EX-CR gate 203^ is supplied to each of the iratrlx calculators 200^ 
to 200.j^ij as feedback data via the selector 204_n- 

Then, the result of calculation perfonned by the itatrix calculator 200_o 
is stored at an address position corresponding to one Si«±ol stream of iiput data 
of the RftM 201^ at that time. The results of calculations perfonned by the matrix 

15 calculators 200_i to 200.^u and the data of the stream which are read f ran RM^ 200.i 
to 200_^y and correspond to the stream of input data at that time are supplied to 
the EX-<H gates 203_i to 203.^^ respectively. The EX-OR gates 203_i to 203.^^^ 
calculate exclusive-OR thereon. The outputs fran the EX-OR gates 203_i to 203^^^ 
are respectively stored at address positions of the 201_^ to RfiM 20X.^^^ vMch 

20 correspond to one symbol stream of iiput data at that time via the selectors 204_i 
to 204_^y respectively. 

As described above, 226 items of byte data are sequentially supplied 
as data of one synrbol of the second or later, thereby executing calculation for 
226 streams related to the external oiooding calculation data stream. When all 

25 of 114 si«rbols (114 bytes) in data length of the external encoding calculation 
data stream are oarpletely input, the calculation of the C2 parity is oorpleted. 
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In this case, C2 parity for 226 streams is stored in the RAMs 201^, to RftM 201_ 

Next, the C2 parity for 226 streams, vAiicii is obtained as a result of 
calculations, is output- At the time of this output, the selectors 204_i to 204.^ 
5 respectively oulput the data, \^*iich has been si^plied to their R sides. Therefore, 
at the time of this output, the selectors 204_i to 204^^^^ respectively supply the 
outputs f ran the EX-OR gates 203_i to 203_(^i, to the subsequent stages, and the selector 
204^ outputs '"OOh''. 

In this case, ^^OOh'' is supplied to the matirix calculators 200^ to 200_^^^ 
10 as feecJback data. When t±ie feedback data is ^^OOh", tha matrix calculators 200_o 
to 200.^^1, output "'OOh''. Therefore, the EX-OR gates 203.i to 203.^^^ other than that 
located at the last stiage, vdiich operate based on the outputs fron the matrix 
calculators 200_i to 200_^u and the read data fron the RAMs 201^ to 201.^^^.2) alveys 
output read data fron the PPM 201^ to 201,(^2) without undertaking any processing 
15 to the read data. 

In sumrary, in this case, the RfiMs 201^ to 201_^-^ siirply operate as shift 
registers. Therefore, the Fm 201- (n-1) located at the last stage sequentially 
outputs the C2 parity for 226 stream related to the external encoding calculation 
data stream. 

20 As described above, in this enbodiment, at the tiiva of recording 36 FCC 

blocks on 12 tiracks, the first j^nc-blocks v*iich are constituted by adding tiie 
CI parity to the data string of the video datia constituting the internal encoding 
calculation data stu:?eam are sequoitially recorded first. When all of the first 
sync-blocks are oorpletely recorded, the second sync-blocks which are constituted 

25 by adding the CI parity to the data string of C2 parity constituting the internal 
Qicoding calculation data stzream are sequaitially recorded (see Fig. 11) . 
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As describeci above, the C2 parity is recoixied at one time in a later 
stage, and it is enou^ that the calculations of the C2 parity are ocnpleted before 
their recording is started. Therefore, before video data of one field, v*iich is 
a group of the video data to be recorded on twelve tracks, is entirely c^tured 
5 in the BCC encoders 113, the recording of the video data can be starts Thisallows 
the time required f ran the initiation of the irput of the video data to the initiation 
of the recording of this video data to be shortened. 

Fig. 14 shows a system delay lb in the BCC encoder 113, vihere a solid 
line ^^a" shows an irput process of video data, vihereas a broten line ^^b" shows 
10 an output process of C2 parity and video data. As shown in this drawing, the system 
delay lb in this eibodinnent is significantly shortened as cotpared with the syston 
delay Ta in a prior art (see Fig. 2) . 

In the Qribodiment described above, the C2 encoder 155 includes 36 
calculating apparatus 170_o to 170_35. Alternatively, the C2 encoder 155 nay include 
15 only one calculating ^paratus having the same configuration as that of the 
calculating apparatus 170_o, for exarrple. In this manner, the circuit scale and 
the mmory scale can be reduced. 

In this case, after video data for aoB field, vdiidh is a group of video 
data to be recorded on 12 tracks, is entirely c^3tured in the BOC eicoder 113, 
20 this one calculating apparatus way calculate the C2 parity in each of the 36 BCC 

blocks 0 to 35 sequentially. 

Fig. 15 shews an input process of video data (shown by a solid line ^^a") , 
a calculation process of the C2 parity in each of the 36 BOC blocks (shewn by an 
alternate long and short dash line ^^c") , and an output process of the C2 parity 
25 and the video data (shewn by a broten line ^^b'') cbseirved in this case. Here, in 
the portion correspaiding to ^^data" in the calculation process of C2 parity, video 
data is read fron the SERflM 151, and this read video data is input into the C2 
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encoder 155 so as to c±>tain the C2 parity. In the portion corresponding to ^^CZ'\ 
the C2 parity obtained by the C2 encoder 155 is written into the SEF?^ 151. 

Also in this case, the C2 parity is recorded at one time in a later stage, 
and it is enoui^ that the calculation of the C2 parity is ccnpleted before their 
5 recording is started. Therefore, it is possible to start the recording of the video 
data before the video data for one field, vfcLch is a groip video data to be recorded 
on 12 tracks, is entirely c^stured in the BOC encoder 113. 

In this manner, the time required f ran the initiatiai of the irput of 
the video data into the BCC encoder 113 to the initiation of the recording of this 
10 video data can be ^lortened. In this case, althou^ the system delay Tc in the 
EDC encoder 133 is shorter than the system delay Ta in a prior art (see Fig. 2) , 
the system delay Tc is longer than the system delay Tb c±)served in the case vAiere 
the C2 encoder 155 includes 36 calculating apparatus 170_o to 170_36 (see Fig. 14) . 
Next, an alternative caifiguration of the C2 encoder 155 will be 
15 described. In the OTbodiment described above, the C2 encoder 155 includes 36 
calculating c5:paratus 170_o to 170_35. In this alternative otbodiment, the C2 ^coder 
155A includes one calculating ^paratus 170 for calculating C2 parity in each of 
the EOC blocks with the calculation being divided into a plurality of parts. 

A configuration of the calculating ^paratus 170 will be described with 
20 refermoe to Figs. 16 to 19. In these drawings, the ooistituent elannaits 

corresponding to those of Fig. 13 are denoted by the same reference numerals. 

The calculating apparatus 170 includes n pieces of matrix calculators 
200^ to 200.^1^, n pieces of 201^ to 201.^u for producing codes in a vertical 
directiai, n pieces of exclusive EX-OR gates for calculating exclusive-CH, and 
25 (nfl) pieces of selectors 204^ to 204^. 
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Here, the output fron the matrix calculator 200^ is supplied to P and 
I sides of the selector 204^. The outputs fron the selectors 204^ to 204_^^ are 
re:^3ectively sijpplied to the RfiMs 201_o to 201.^^^ as write data. The outputs fron 
the matrix calculators 200_i to 200.^^ are respectively sijfplied to I sides of the 

5 selectors 204_i to 204,^^^, and are also supplied to the EX-OR gates 203_i to 203_(^i3 • 
Elirther, the items of the read data frcm the ^PMs 201_o to 201^^^ are 
respectively si:pplied to the ¥X-CR gates 203_i to 203^. The outputs fron the E^-CR 
gates 203_i to 203.^i^ are respectively supplied to P and R sides of the selectors 
204_i to 204.(^ij, and the output fron the EX-OR gate 203^ is supplied to P side of 

10 the selector 204_„. 

A value ^^OOh" is supplied to R side of the selector 204_n- The ^^h" means 
that this value is in hexadeciml. Irput data is supplied to the EX-OR gate 203^ 
and I and W sides of the selector 204.^. Thai, output data is takon out fron the 
BPM 20Lj^y. Flirther, the output frcm the selector 204^ is supplied to the matrix 

15 calculators 200^ to 200.^^) ^ feedback data, and is also supplied to the W sides 
of the selectors 204_o to 20A_^^. 

An cperation control signal is respectively supplied to the selectors 
204^ to 204^. In this case, at the time of initialization, the selectors 204^3 to 
204^ output the data, which has been supplied to their I sides. At the time of 

20 calculation, the selectors 204^ to 204_^ output the data, v*uLch has been supplied 
to their P sides. At the time of outputting the calculation result of C2 parity 
(including the result obtained at sate mic%x)int in the calculation) , the selectors 
204^ to 204^ output the data, v*iich has beoi supplied to their R sides. At the 
time of loading the result obtained at seme mic^int in the calculation of C2 parity, 

25 the selectors 204_o to 204^ output the data, v*iich has beon supplied to their W 
sides. 
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The RftMs 201^ to 201_^^ respectively have a word length in data length 
of an internal encoding calculaticai data stream^ that is, 226-byte word length. 
The *^n" indicates an identical nurrber to the byte nuttber of the C2 parity, that 
is, 12. 

5 Next, an cperation for calculating the C2 parity in each of the 36 EOZ 

blocks (see Eig. 8) by use of the calculating ^paratus 170 will be described. 
Here, the calculation of C2 parity in each BCC block is performed with the calculation 
being divided into four times. 

Suppose that video data of the BOC blocks 0 to 35 are simultaneously 

10 written into the SDE<m 151. St)ecifically, video data of the FCC blocks 0 to 35 
are written into the SDE^ 151 in the order of video data of 0th sync-block in 
the block 0, video data of 0th sync-block in the block 1,..., video data of 0th 
sync-block in the block 35, video data of 1st sync-block in the block 0, video 
data of 1st sync-block in the block 1,..., video data of 1st sync-block in the block 

15 35, video data of 113th sync-block in the block 0, video data of 113th sync-block 
in block 1, and video data of 113th syncHDlock in the block 35. 

First, a first divided part of the calculation of C2 parity in the BOC 
block 0 is performed. In this case, first of all, amcaig input data to be encoded, 
data of the first cne syrtbol (for exattple, one byte) is read frcm the 151 

20 and is supplied to the calculating ^paratus 170 as input data for initial ization. 
Fig. 16 shows a state at the time of initialization. In this case, as the data 
of the first me s^wbol, actually, 226 items of byte data in data length of the 
internal encoding calculatiai data stream, that is, byte data v*iich respectively 
correspcod to the 226 streams related to the external encoding calculation data 

25 stream are sequmtially supplied. At the time of initialization, the selectors 
204^ to 204^ respectively output the data, whichhasbeoisuppliedto their I sides. 
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Iherefore, at the time of this initialization, the selectors 204^ to 204_^^^ 
respectively supply the outputs f ran the matrix calculators 200_o to 200_^^i, to the 
subsequQit stages without xjndertaking any processing, and the selector 204^ outputs 
the irput data. 

5 As a result, the first one si«±)ol is supplied to the matrix calculators 

200^ to 200_^u as feedback data without undergoing any processing. Then, the results 
of calculations performed by the matrix calculators 200^ to 200.^^^ are stored at 
address positions of the RftM 20Lo to R?^ 20L^u vdnich correspond to one symbol stream 
(i.e. any one of 226 streams related to the external encoding calculation data 
10 stream) of the irput data at that time via the selectors 204_o to 204_^ij respectively. 
In this manner, initialization is performed. As describe above, 226 itenns of byte 
data are sequentially supplied as the first one syrtiDol, thereby executing 
initialization for 226 streams related to the external encoding calculation data 
stream. 

15 Next, a C2 parity is calculated. Elg. 17 shews a state at the time of 

calculation. At the time of calculation of the C2 parity, the selectors 204^ to 
204_„ respectively output the data, v*iich has been supplied to their P sides. 
Iherefore, at the time of this calculation, the selector 204_o supplies the result 
of calculaticxi perfomed by the matrix calculator 200^ to the subsequoit stages 

20 and the selectors 204_i to 204^ respectively supply the outputs f ran the FK-OR gates 
203,1 to 203^ to the subsequait stages. 

Arang input data, items of the data of eacii one syrrbol of seocxid or later 
are sequentially supplied to the EXHDR gate 203^. In this case, as the data of 
each one synobol of second or later, actually, 226 itons of byte data vdiich 

25 respectively oorreqpcxKi to the 226 streams related to the external encoding 
calculation data stream are sequaitially supplied. Data of the stream, v*iich is 
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read f ran the 201_f^^^ located at the last stage and corresponds to one syrrbol 
stream of the iiput data at that time, is supplied to the EX-OR gate 203^. 

The EX-CK gate 203^ calculates exclusive-CR of data of each one si«±ol 
of second or later and the data, v^iich has been read f ran the RAM 201_^^ . The output 
5 frcm the EX-CH gate 203^ is supplied to each of the matrix calculators 200^ to 
200_(rrf) as feedback data via the selector 204^. 

Than, the result of calculation performed by the matrix calculator 200_o 
is stored at an address position vdiich oorre^xaids to one syrrtx>l stream of irput 
data of the BPM 201^ at that tiitie. The EX-OR gates 203^1 to 203^^^^ respectively 

10 receive the results of calculations pjerf ormed by the matrix calculators 200_i to 
200_j^i^ and the data of the stineam, which corresponds to the stream of irput data 
at that time, to calculate exclusive-OR theareof . The outputs fron the EX-OR gates 
203^1 to 203_trt-i) are respectively stored at address positions of the BMA 201_i to BPM 
20L^yr vdiich correspond to one symbol stream of irput data of at that time, via 

15 the selectors 204.i to 204.^^ respectively. 

As described above, 226 items of hyte data are sequentially supplied 
as data of each one syrttool of second or later, ther^y executing calculations for 
226 streams related to the external flooding calculation data stream. When the 
last si«rbol in the first divided part of the calculation of C2 parity is irput 

20 as input data, the RAM 201_i to RftM 201^^^^ store the result c±>tained at sate mic^int 
of the calculation oatpleted ip to the end of the first divided part of the 
calculation of the C2 parity for 226 streams. 

Next, the result obtained at satemic%x>int of the calculation of C2 parity 
for 226 streams is outpjt. Fig. 18 shews a state at the time of outputting the 

25 result obtained at sane midpoint of the calculatiai. At the time of this output, 
the selectors 204_i to 204^ respectively output the data, v*iich has beoi sipplied 



to their R sides. Therefore, at the time of this output, the selectors 204.i to 
204_^u respectively si:pply the outputs f ran the EX-OR gates 203_i to 203.(^ij to the 
subsequent stages, and the selector 204^ outputs ^^OOh". 

In this case, the ^""OOh'' is si:pplied to the matrix calculators 200_o to 

5 200_,^u as feedback data. When the feedback data is ^^OOh", the itetrix calculators 
200^ to 200.(^1) output ''OOh". Therefore, the EX-OR gates 203.i to 203,t^i) other than 
that located at the last stage, vtiich operate based on the outputs f rem the matrix 
calculators 200_i to 200.^^^ and the read data f ran the RfiMs 201^ to 201.(^2) always 
output read data f ran the R?\Ms 201^ to 201.^2) without undertaking any processing 

10 to the read data. 

In surarary, in this case, the RSMs 201^ to 201^^^ siitply cperate as shift 
registers . Therefore, the RflM 201_j^d located at the last stage sequentially outputs 
the result obtained at the mic^int of the calculaticxi of tl^ C2 parity for 226 
streams related to the external encoding calculation data stream. This result 

15 obtained f ran the mic%x>int of the calculation is SLfplied to the SDE^ 151 and 
. is written therein. 

In the manner as described above, the calculatiai of the C2 parity in 
the BOC block 0 is ocrtpleted \jp to the end of the first divided part of calculation. 
Hereinafter, the same process as that of the BOC block 0 is repeated for sequentially 

20 calculating the C2 {parity in the respective ECC blocks 1 to 35 ip to the end of 
the first divided part. 

Next, a seocod divided part of calculatioi of the C2 parity in EXX: block 
0 is performed. In this case, first of all, the result obtained at scne midpoint 
of the calculation conpleted \jp to the end of the first divided part thereof is 

25 loaded. Elg. 19 shows a state at the time of loading. 



I 
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At the tiiTB of loading, the selectors 204_o to 204.^ respectively output 
the data, v*iich has heen supplied to their W sides. Therefore, at the time of this 
loading, the selector 204^ outputs the input data. Thoi, the selectors 204^ to 
204_jr^u respectively simply the iiput data, v*iich has been output f rem the selector 

5 204_^ to the 20X^ to 201.^d located at subsequeit stages. In this manner, the 
BPM 201_o to 20L^i, store the result obtained at sane mic^int of the calculation 
of C2 parity in EXX: block. As a result, the calculating apparatus 170 returns to 
the last calculation state in the first divided part. 

From this state, the second divided part of the calculaticxi of the C2 

10 parity in the FCC block 0 is continued. Then, the result obtained at seme midpoint 
of the calculation of C2 parity ocnpleted ip to the second divided part is output 
to the SCR?^ 151 and is written therein. The operation of calculation and the 
operation of outputting the result obtained at seme mi($x:>int of the calculation 
are the same as that of the first divided part described above. Hereinafter, the 

15 process for the FCC block 0 described above is repeated for sequentially calculating 
the C2 parity in the respective EXX! blocks 1 to 35. 

Hereinafter, in the sarre manner as described above, the calculation of 
the C2 parity in the respective FCC blocks 1 to 35 is continued f rem the last 
calculation state in the seocnd divided part up to the eid of the third processing 

20 part. Tl-oi, the calculation of the C2 parity in the respective FCC blocks 1 to 
35 is continued f rem the last calculation state in the third divided part up to 
the eid of the fourth divided part. In the last calculaticn state of the fourth 
divided part, the 201^, to 201_^u store the C2 parity to be finally obtained, 
instead of the result obtained at seme mic^int of calculation. Iherefore, v*ien 

25 the calculation of the C2 parity in the respective EXX: blocks 1 to 35 is ocnpleted 
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in the fourt±i divided part, the SWm 151 stores the C2 parity in the respective 
36 BOC blocks 0 to 35. 

When the BOC encoder 155 is oanstitiited by cane calculating ^paratus 
170 as described above, the circuit scale and the manory scale can be reduced. 

5 In this case, vAien the calculation of the C2 parity in the respective EOC blocks 
is divided into a plurality of parts, the calculation of the C2 parity can be 
initiated before all of the video data for one field, vdiich is a groip of video 
data to be recorded on 12 tracks, is ocnpletely c^tured into the BOC encoder 113. 
Therefore, the calculation of the C2 parity can be ocnpleted at a point of time 

10 earlier than the case v*iere the calculaticai is not divided, and the recording of 
video data can be initiated earlier by this shortened time. In this rtenner, the 
time required f ran the initiation of the input of the video data to the initiation 
of the recording of this video data can be shortened. 

Fig. 20 shews an irput process of video data (shewn by a solid line ^^a") , 

15 a calculation process of C2 parity in the respective 36 BOC blocks (shown by an 
alternate long and short dash line ^^c'') , and an output process of the C2 parity 
and the video data (shown by a broken line ^^b") observed in this case. 

Jfere, in the portion corresponding to ^''data'^ in the calculation of the 
C2 parity, video data is read f ran the SCR?^ 151, and this read video data is irput 

20 into the C2 encoder 155 to execute processing for cijtaining the C2 parity. In the 
portion corresponding to ^^C2", the result of calculation obtained in the C2 encoder 
155 ( the result cbta i ned at sane midpoint of ttiB calculaticxi or C2 parity) is written 
into the SrJBM/i 151, and the result of calculation (the result obtained at sane 

I 

I mic^int of the calculation) is read f ran the SES^ 151 (loading) . The system delay 

I 

25 Td in the BOC encoder 133 in this case is significantly shortened as oarpared with 
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the system delay Tc in the case vdiere the calculation is not divided (see Fig. 
15). 

Although the above descriptiai has described an exartple vtere the 
calaiLation of the C2 parity in the respective ECC blocks is divided into four 

5 parts, this number of divided parts is only an exarrple, and the present invention 
is not limited thereto. The calculatiai of the C2 parity can be initiated at earlier 
point of tiine by increasing the nijn±Der of divided parts. However , increased nunrter 
of dividsd parts will increase the tine required for writing and reading into and 
fron the SCRMyi 151, and the time required for calculating the C2 parity increases, 

10 resulting in delay of the point of time at vdiich the calculation is ootpleted. 
Taking these circumstances into consideration, the nurttoer of divided parts may 
be determined so as to minimize the systan delay Td. 

Elirther, in the above description, the BOC encoder 155 is constituted 
by one calculating apparatus 170. Alternatively, the ECC encoder 155 may be 

15 constitutedby 2 or more but less than 36 calculating ^paratus, and the calculation 
of the C2 parity in the respective BOC blocks may be perf onned with the calculatiOTi 
being divided into a plurality of parts. For exartple, the EXX: encoder 155 may be 
ocxistituted by two pieces of calculating apparatus 170. In this case, each of the 
two pieces of the calculating ^paratus 170 performs the calculation of the C2 

29 parity in the respective 18 BOC blocks. Alternatively, the FCC encoder 155 may 
be constituted by 4 pieces of calculating apparatus 170. In this case, each of 
the pieces of the calculating apparatus 170 performs the calculation of the C2 
parity in the re^Dective 9 ECC blocks. 

Rirther, in the above description, the RAMs 201_o to 201,^^^ have a word 

25 iQigth in data loigth of an internal encoding calculation data stream (226 bytes) , 
in order to make it possible to execute the ©eternal encoding calculaticn without 
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converting the irput signal in the lateral stream into that in the vertical stream 
at the time of esctemal encoding calculation. Alternatively, the RfiMs 201^ to 201.^^ 
may have a vjord loigth (226 bytes) or less or may be substituted by flip-flcps, 
as far as they additionally include functional blocks for converting the lateral 

5 stream into the vertical stream. 

In the Qtbodiment described above, althou^ the present invention has 
been c^plied to recording video data, the present invention is also ^plicable 
for recording audio data . Blirther , the recording medium is not limited to a magnetic 
t^5e, but may be other recording mediums such as magnetic disks, cptical disks, 

10 and the like. 

While the foregoing specification has described preferred eittodiment (s) 
of the present invention, one skilled in the art nay make many modif icaticans to 
the preferred enbodimait without departing f ran the invention in its broader 
aspects . The upended claims therefore are intended to cover all suciimodif ications 

15 as fall within the true scope and :^irit of the invention. 



